Introduction
Asthma is the most common chronic childhood disease and has significant impact on morbidity and mortality in children [1] . Inhaled corticosteroids, when properly used, can offer considerable protection against asthma-related morbidity [2] . However, adherence to prescribed inhaled steroids among children is low; rates reported from various studies range from 22-77% [3] [4] [5] [6] [7] [8] [9] and differ markedly among populations with the lowest rates found among inner-city and low income populations [7, [10] [11] [12] [13] . Recently, we conducted a randomized clinical trial to examine the effectiveness of an adherence intervention in children with asthma. The primary goal of this trial was to assess whether daily supervision of inhaled steroids at school could decrease asthma exacerbations among a population of children known to have low adherence rates. To accomplish the aims of the study, it was necessary to collect daily data on outcome measures such as peak flow monitor readings, asthma symptoms, and school absences. Previous experience with data collection in the schools indicated that such daily data collection is difficult to achieve without interrupting school schedules. Therefore, the investigators developed and pilot tested a system which would allow collection of such data with minimal interruption to the school day [14] .
Data collection via internet
Increasing adherence to prescribed medications is an important step in reducing asthma-related morbidity. Identifying efficacious ways to increase adherence requires valid and complete data. Collecting data via the internet has been shown to result in more complete data and children have indicated a preference for this mode of data collection [15, 16] . A study among fifth graders found a significant difference for missing responses for paper versus web-based surveys with seven times more missing responses for the paper format [16] . Additionally, internet direct data entry eliminates possible transcription errors, reduces staff workload, and can force response selection, thereby reducing missing data [16] . This system, often referred to as computer-assisted survey interviewing (CASI) eliminates the potential of interviewer bias and allows engaging graphics to guide children's attention [17] . As well, this method can automate referral of participants for appropriate medical intervention [18] . Another advantage of web-based data entry is the ability to mechanize highlighting of missing or unclear data, facilitating correction or completion [19] .
Asthma and absenteeism
School children with asthma have been found to miss 1.3 days [20] to 2þ days [21, 22] more of school than their non-asthma peers. However, determining if asthma is responsible for these increased absences can be difficult. Moonie and colleagues [21] examined asthma severity and missed school days among a population of students in a predominantly African-American low income school district. Absences were determined by school records and documenting reasons for absences by a school nurse was a labor-intensive endeavor requiring interviewing absent students within two weeks of the missed school day(s). Of the 3408 absences tracked, 9% had missing or unclear data for absence reason. More frequently, reasons for missing school have been collected from school records [22] [23] [24] , which often provide incomplete or inconclusive data. Others have noted problems in accessing asthma-related absence rates from schools [25] . Another source of absence reports, parental retrospective reports, was found to have poor correspondence with school records [20] .
Asthma symptoms and peak flow meter monitoring
Symptom monitoring provides one mechanism with which to assess the severity of asthma exacerbations. However, among 110 adult asthmatic patients studied in South Africa, selfreport of asthma symptoms tended to underestimate severity of disease [26] . Monitoring peak flow with a meter is a relatively simple and accurate way to assess children's airway obstruction, which provides an alternative to symptom monitoring. Peak flow meters provide a reading of the air flow from the lungs, resulting in a value in liters per minute. Asthma interventions frequently train children to monitor their asthma through daily use of a peak flow meter. These data often are collected through daily diaries as part of the study outcomes or to monitor the child's health. However, when studied, children have been found to be poor record keepers of peak flow meter readings. In a study of the accuracy and completeness of peak flow diaries among 6-16-year-old asthmatic white children, Kamps and colleagues [27] found that peak flow diaries were unreliable, in that children did not actually utilize their peak flow meter as frequently as reported. A study among African-American and Hispanic asthmatic children aged 5-9 years similarly found that the children involved had difficulty maintaining peak flow records, so that data recorded in diaries did not reflect data recorded electronically [28] . Tinkelman and Schwartz [29] provided educational sessions to children with asthma and their parents that included daily peak flow meter use. Despite assistance by a staff person and use of a school computer, peak flow meter readings were recorded only 50% of the time (excluding holidays) into the internet monitoring system. In a randomized clinical trial exploring adherence to peak flow meter monitoring, Burkhart et al. [30] found at baseline that only 43% of children were adhering as prescribed to their peak flow meter monitoring. Poor compliance with adherence to monitoring translates to an inability to collect serial data of peak flow meter readings. To assess adherence with peak flow meter monitoring, Burkhart and colleagues utilized microchip technology, which is built in to the peak flow meter, and automatically tracks much of the data of interest. However, devices such as these do not include assessment of symptoms, another aspect of the data of interest in the current study.
Study purpose
This manuscript describes successful data collection using a web-based data collection system (the Asthma Agents System) specifically designed to collect daily data from children with asthma at school. The Asthma Agents System is instrumental in providing both daily monitoring of a child's asthma, as well as in collecting primary outcome measures that examine the efficacy of interventions to reduce asthma exacerbations. Two of the required outcome data, peak flow meter readings and school absences, were captured using the web-based data collection system.
Methods

Study design
After a one-semester baseline period during which all children were monitored using the Asthma Agents System, children were randomized to receive either the supervised therapy intervention or usual care. Randomization occurred at an individual student level within school system, in order to account for factors that may be similar within school systems. For those randomized to the supervised therapy intervention, study personnel monitored asthma medication use daily, while for those randomized to usual care, asthma medication use was assumed to be parentally supervised. Therapy was supervised by the same study staff member each school day at approximately the same time during the day. Study staff were responsible for supervising an average of 30 children (range: 21-39) in four schools (range: 3-7). Study staff assignment to schools was done on a geographical basis, in order to minimize travel time between schools. Peak flow meter monitoring was incorporated into the daily routine for the children and was done at the same time each day to avoid diurnal variation. However, if children forgot to do their monitoring, school staff prompted them to do so. School staff reports verified the peak flow meter reading when the child was present, or indicated that the child was absent. The primary outcome measure was asthma exacerbations, which were defined as one or more of the following each month: (1) red or yellow peak flow meter reading; (2) rescue medication use more than two times per week (not including pre-exercise treatment); or (3) absence from school coded as respiratory illness/asthma. Red and yellow peak flow meter readings were based on the values representing the child's 'best' peak flow rates during healthy periods at the beginning of each school year. Red readings indicated peak flow rates less than or equal to 50% of the 'best' value, while yellow readings indicated peak flow rates between 50-80% of the 'best' value. The primary study hypothesis was that those children randomized to the supervised therapy group would experience fewer exacerbations during the follow-up period than those randomized to usual care. Determining exacerbations required daily data collection of peak flow monitor readings, school absences, and rescue medication use. The University of Alabama at Birmingham's (UAB) Institutional Review Board for Human Use approved and monitored the study. Details of the study design have been published elsewhere [31] .
Population
Two hundred and ninety children in 37 inner-city schools were randomized. All children had persistent asthma and the need for daily controller medication. Parents provided consent for the child's participation and children gave assent. The average age of the students was 10.0 years (standard deviation ¼ 2.1), 91% were African-American, and 57% were male.
Data collection
An interactive web-based system for collection of data from children with asthma and school staff was developed by Blue Cross and Blue Shield of Alabama in conjunction with UAB. The resulting Asthma Agents System allowed real-time monitoring of data and notification of health status while providing a fun way for children to provide data. Details of this system's development are provided elsewhere [14] .
After enrollment into the study, data regarding peak flow meter readings and asthma symptoms, as well as absence data, were collected from students at school via an internet connection. Both children and school staff were trained to use the web-based system correctly. Each school day, participating students logged into the Asthma Agents System through a school computer terminal. With each log-in, the student was asked, 'How is your breathing today?' Response choices included: fine, coughing, wheezing, or tightness in chest. The program allowed children to report more than one symptom. Children were then prompted to blow into their peak flow meter and record the reading. When a child reported a green zone reading, the system replied with the message, 'Great! Go and play today.' When a child reported a reading falling into either the yellow or red zone, the system instructed the child to 'Stop and talk to an adult.' Yellow and red zone results generated automatic e-mails to the school nurse and study coordinator containing peak flow meter results and symptoms. Per the design of the study, a designated school staff member also logged into the Asthma Agent System daily to verify the child's reported peak flow meter reading. The school nurse logged on weekly to report whether any action resulted from the student's reported symptoms or readings. On any given day, if a student did not enter a report, the designated school staff member was prompted to enter a reason with response choices of: absent, did not report (indicating that the child simply did not complete the report that day), or other. When 'absent' was entered as the reason for no daily report being entered, upon the student's return, the staff was prompted to enter the reason for the absence. This information was obtained from a brief interview with the child. Response choices for reason absent included: asthma or respiratory illness, other illness, and other. Each school staff person had a designated back-up to perform these duties upon their absence. School staff were responsible for four children, on average. Based on anecdotal feedback from the teachers involved, school staff spent 10 min daily fulfilling their responsibilities for this protocol. There was no indication from school staff that the study interfered with day-to-day responsibilities in the classroom.
Daily reports were generated each day at 1:00 p.m. by the study statistician for student and teacher log-ins. At this time, study personnel reviewed the missing data and contacted school staff to encourage completion. Monthly reports were produced for reasons for school absences, highlighting any missing data, which the study personnel then attempted to retrieve.
As the outcome also included an increased frequency of rescue medication use, study staff also monitored this on a regular basis. In particular, rescue medication use was measured through the use of a Doser TM attached to the top of the inhaler, and activated automatically to record use when an inhalation was taken. Study staff read the children's Doser TM at approximately two-week intervals. Since these data were collected off-line by study staff, missing data were not an issue, and thus will not be discussed herein.
Incentives
Both children and designated school staff were offered incentives to complete the daily Asthma Agent System log-in. Points were awarded to children for the completeness of their reports which could be redeemed for prizes. Staff also received points based on the frequency of their reports; their points could be redeemed for a national discount chain's gift cards.
Results
Between October 3, 2005 and May 30, 2006 a total of 40,044 daily Asthma Agent reports were expected from participating students and the school staff. During this time 35,296 (88%) reports from children were received, while 39,032 (97%) reports were received from the school staff. Figure 1 shows the proportion of expected reports missing by both the children and the school staff for each month and year of the data collection period. Of note in the figure is that the proportion of missing reports from the school staff improved after the intervention began on January 1, 2006. In fact, during the period prior to the intervention, 5% of the expected reports were missing, while only 1% was missing post-intervention ( p < 0.0001). The last month of the school year has traditionally introduced additional challenges in data collection in this population due to increased absences and end of the year school activities. Therefore, it is not surprising that the proportion of data missing is higher among both the children and school staff for this time period. Of the 4748 reports not obtained from a child, 540 (11%) of these were not obtained from the school staff either. Further, there were 472 reports for which peak flow meter readings were provided by the child, but were not verified by a staff report; however, for these instances we have sufficient data to indicate that the child was in school that day and to determine whether an exacerbation occurred. Among those reports obtained from the school staff but not from the child, an additional 304 did not include a reason for the child not completing the report. Thus, a total of 844 reports out of the expected 40,044 (2.1%) were missing, in that they did not provide adequate data regarding an exacerbation or a potential absence due to respiratory illness. Among the child reports that were not obtained, for which a report was completed by the school staff, 230 (6%) were missing for reasons other than the child was absent from school. Reasons for reports not being completed included that the student simply did not report (n ¼ 132), the student was on a field trip (n ¼ 79), the student was involved in standardized testing (n ¼ 4), or the student was on vacation (n ¼ 15). Thus, there were 3674 instances for which a child did not complete a report due to absence; 3490 (95%) had the reason for absence documented. One-hundred and eighty-four reports were missing the reason for absence (5%) overall and, thus, did not provide any information regarding the primary outcome. Figure 2 shows a flow chart indicating the completeness of the data. Since randomization (January 1, 2006), 123 reports were missing the reason for the absence. Of the children absences, those randomized to the supervised intervention were missing significantly fewer reasons than those randomized to usual care (38 vs. 63%, p ¼ 0.0007), suggesting that the increased interaction between the study staff and school staff for the supervised group may be responsible for more complete data for this outcome. However, the proportion of the total number of reports that were missing did not differ between the usual care and supervised intervention groups (11%).
Overall, we were able to collect data 98% of the time that reports were expected; that is, only 2% of the time were expected reports missing. However, in order to determine the study outcome, it was not only important to have daily data collected, but when a student was absent the reason for the absence needed to be captured. Among the absence data collected, we are missing the reason for the absence in 184 instances, representing 5% of the absence data. If we include these 184 missing reasons for absence in our overall missing data rate, the proportion of data missing is increased to 2.6% (1028 out of the expected 40,044 reports).
Limitations
While utilization of the Asthma Agents System provided many benefits, there were also challenges involved in the implementation and maintenance of the system. Initially, there was great difficulty in getting the system running on the computers in all of the schools. Problems encountered include: technical support problems in the individual schools and districts, as well as issues pertaining to firewall allowances given that the system involves flash video. The utilization of the school system technical staff required costs incurred by the school system beyond what was anticipated for this study. Further, the technical group at Blue Cross and Blue Shield of Alabama, who initially developed the system, also maintained the database. This required data transfers between the database manager and the study staff; however, a system for doing so was developed early in the study and was successful at reducing the amount of data that were missing overall and the number of absences that were missing the reason for absence. Given that the intervention was school-based, we were necessarily limited by when school was in session. That is, we were unable to collect data, especially data regarding asthma exacerbations, when the children were out of school: weekends, holidays, and during the summer. Additionally, the use of a system that allows all children to regularly monitor their asthma symptoms may introduce bias to the overall study in that, as children are more aware of the severity of their illness, they are more likely to treat it. In fact, this bias was observed as we saw Internet monitoring of asthma improvement in all children enrolled in the study, regardless of the group to which they were randomized. Similarly, there is a potential ethical dilemma in providing a system by which the children monitored their asthma daily during the study period, but then eliminating their access to daily monitoring at the conclusion of the study. However, since the Asthma Agents System included educational and skills training components, it is the hope of the study team that during the study period the children developed the habit of assessing their lung function based on the presence and absence of symptoms and use of the peak flow meter. Finally, the system did not allow serious adverse events to be monitored. A separate database was developed to track these events.
Conclusions
Overall, the Asthma Agents System has been shown to be a successful means for tracking absences and peak flow meter data from inner-city school children and school staff. It provided a fun environment for the children to learn about and monitor their asthma, while providing a research tool that resulted in a small proportion of missing data, both outcome and explanatory data. This proportion was smaller than other studies have reported previously in the literature. For example, the Moonie et al. [21] study reports 9% of their reasons for absence as either missing or reason unclear compared to only 2.6% in our data. Further, Tinkelman and Schwarz [29] report that students in their study, with a similar design, entered asthma-related data into an electronic diary 50% of time. In our study, we captured 87% of the daily asthma-related data; however, this estimate does not account for the fact that we were also able to capture the reasons that a child did not enter their data 95% of the time it was missing. As Tinkelman and Schwarz utilized an internet data collection tool in school similar to ours, it is interesting that their rate of missing data is much higher than what we observed. It is possible that since our system allowed for real-time data monitoring, which provided study staff the opportunity to actively retrieve missing data in a timely fashion, we were able to obtain reports that may have otherwise been missing. This, in turn, permitted more complete data for analysis. Further, it is also possible that the use of incentives motivated both children and school staff to enter data more completely. As the primary goal of the Tinkelman and Schwarz study was to examine the effect of a school-based educational intervention on absences, which were not collected via the students' internet-based diaries, few details regarding the processes utilized to obtain these data are provided, making direct comparisons between the two studies difficult. Finally, the system allowed children to take an active role in their asthma management and care, in a population for whom this is not the norm.
The Asthma Agents System has been effective in reducing the amount of missing data for research purposes. However, a similar system providing asthma education and symptom and peak flow meter monitoring could be effective in day-to-day asthma management for children having daily computer access. Further, utilization of a system such as this may offer interesting opportunities for studies not only assessing medical outcomes, but also behavioral outcomes, such as adherence and medical care use, as well as quality of life outcomes. While a system such as Asthma Agents may not be the best means for reducing missing data in other settings, the results described herein highlight the need for data collection tools that are well-suited to the study at hand, as well as the population being studied.
